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PROVED MODIFIED ATMOSPHERE PACKAGE AND METHODS 

RACK GROUND OF THE INVENTION 

pathogens while keeping the food fresh. 

P u in the nresent invention also meets me 

The packaging system embodied in the presen 

de ma„d for serving - w for the — or the _ « - 

f H '■ include such ta. hamburgers, sandwiches, tacos, burntos, «c. There a 

„ „o„-cen,ra,ly loc ted faculties retatl outlets, They are redely expensive and are 
n onlv centrallv processed foods can pruviu 
microbiological aspecls, personnel hygiene 

aspects are far better served in a central, large scale manufacture taclrty. 
' Pundamental to the beneficial goal of providing both safety and conttnued 

20 freshness for a packaged food product is contro. of the atmosphere within the package. ln 
l,ar, the live, of oxygen wtthm the co„,ncr is of great mrportance » = 

a mMhods of the present invention are particular^ 
these aoals. Thus, the structures and methods ot P 

I C d to control of such gaseous e.cments w.thin such food packages by contro ng 
dLon rate of gases into and from such food package. ControHcd low ^ 
25 rates arc particularly appropna, fo, various prepared food products wh.cn are susc p„ 

, r whereas high oxygen diffusion rates are appropnate lor 
to Clostridium bomlimim. whereas nign o. > b 

metabolizing fresh fruits and vegetables. 
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Thus ,hc invention embodied herein offers better economics and safety tor 
which have the appearance and qualities of. Ireshly made "in-storc" servtngs. 



but 
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SUMMARY OF THE INVENTION 

The present invention is directed to an oxygen-level controlled, modrited 
at mosphere package consisting of a cup and a lid preferably in the form of a dome. The 
cup m d the dome are hermetically sealed along the flange of the cop and the dom, 
interior of the package is designed ,o contain food and other perishable components havmg 
defined metabolizing characteristics. The package polymers and the package surface 
conftguratton are controlied to provide a selected environment for preserving the freshness 

0 f foods packaged in a modrfted gas atmosphere sealed inside the package w„h the ood. 

The invention incorporates various mechanically enhanced characteristics, as well as 

offering enhanced safety with package tamper evidence vistble to the consumer. 

,„ particular, the rnvention hereof further incorporates methodology and 

slr „e,ures ,„ produce low oxygen packaging with the rnterror headspace —call, 

anaerobic pathogens and ,0 dispose of undesirable gases such as ethylene and other 



metabolites. 



20 BRIEF DESCRIPTION OF THE DRAWING 

Flgur es la and lb are perspective views of two (2) preferred embodiments ot the 
gas flushed breathable package of the present invention depicting alternatively a stnp seal 

or a peel seal. . 

Fic „re 2a is a side view of a package of the present invention and Figure 2b ,s a 
25 detatled v^ew of the designated portion of Fig. 2a showrng the spring action of the attached 



lid. 



Hgur e „ ,s a side view of» al.cma,ivc e m b„d,n,e„. of.be package » f .he presen, 
■ ■ " , 3b Id are cross-seCional v.cws of portions of .he package dcp.c.ed ■» 

* . - - ^ ~ ^ * 

, 3a Fi gU re 4 is a «op view of an aUema„ve enrbodinren, of ,he lid or dome of ,he 

c- ic ^ ton view of the flat lid ot me 
the present invention showing a flat top. Hg. 5b ,s a top 

embodiment of the package depicted in Fig. 5a. 

Figl ,re 6a is a side v.ew of an aUerna.ive e„,bo dta cn, of .he or dome . . 
, . Mc 6b is a ,op v,ew of ,hc ,id enrbodimen, depic.ed in Fig. 6a. hg. 6c 

:zz::^ - - - « — - * • ,in : n: 

i « is eross.ec.iona, view of .he ,id depic.ed in Fi, 6b .aken aion g irnes 6-d. 

de,a„s of .he nrodifrca.ion of * co„f,ura,io„s ,o nraieb ,he reared * 

" "nres 7 a and b are charts sb„w,n g ,be o W n and carbon dio.de ieveis for d.s 
0 . 16 foL differen. g as mlX .nres as used ,n .he nrodif.ed a.mosphere packa g e of.be 

is . top vkw „ . ^ « — s^ 

20 ""re , .s a ,op ,„ of a further hd srrae.nre sbo„,n g — seahn g and 

narkaee opening means and mechanisms. 

package p^ g ^ ^ ^ ^ ^ ^ ^ ^ „ 

tn e presen inven.ion showing .he use of a iabe, v.,h nricro^es drsposed .here. F.g. 0 
25 I! Tended de.ai.ed v,ew of.be desi g n,ed portion of snch parage en— as 

Sh0VV is a ebar, show.ng .be ra.e of o W n d.ffns.on ,n,o .He package of .be 
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Fieure , 2 1S . y e, d,„ere„t oHhe Pac bg c of* present tnventton 

showing an alternative botlom structure. 

. on of the package generally 24 of the present 

5 dom e 22 and the corner portion or eup 20 ol th pack g 

• ^ with a variety of optional package-opening teatureb. 
inve „ t ,„n mav be ecutpped « h a vane P ^ ^ ^ ^ 

in Figs . ,a and lb, .he dome 22a and 22b ean prefe » 

10 Figure 1). 1 he seal , t tV ^ surfaces of the rigid polymers ot 

— - »r - r - • - « - ~ 
r^sss;- 



matrix. 
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AH„ „ sc. forth in Figures , and 2 hereof, .he construction of cup 20 and 
ta c 22 as e,emen.s of ,he package (generally 24, mc.udc .he selection of polymers 
corJ ,„ g ,„ the f 0 od .o he packaged. Cup 20 aiso mcludes .he design of .he lunctiona 
bs 26 „d ,„ some embod,me„,s ag„,or r,bs 2, as shown in f .ure 2 hercot. to 

Mending of .he components sueh as safad dressin, e, The selection „. powers fo 
ackaging Lttvely stable foods .such as cooked meals, mea.s. cooked vege,ab,es and 
L bL goods and desserts, includes h,h harrier laminated ma.erta.s such as 
] mvl chlol. and polyethylene ,era P ha,a,e. Each one of rhesc ma.erials , 1— ed 
I! an' ethy, viny, acetate .ic ,a,er with ethy, vtnyl alcohol ,,er,a,r and an ad , o 
laye r of peelable sea,a„. c„„s,s.,n g of modified polyoleftn. Such s.rue.ures offer low g 
d Lion wh.ch is retired for m ai,a,nin g .he freshness of cooked and ha e producrs 

ATM ffi;75°F and RH (relative humidity) of 65%. 

AS shown ,n Fig. 2, .he two ha!ves of ,he package 24 (,,., .he dome 2. and 

bei „ g pressed down toward .he flange 25 of .he cup 20. in .hese embodiments, and as 
sh „w„ in Figure 2. .he r,m 29 of the ,id 22 coUapses inward* when inserted tnto the 
fema ,e rtm conrprrsing flange 25 on .he cup 20. When .he rim 2, of the dome or « 
int0 ,he nesting posttion of ,e eup 20. the oversized dtmension of the dome rtm - 
force ,f p , against the corresponding rim 25 on ,he cup 20. The .wo component of p es sure 
are lorLral force f, and vertical component f. Thus, the , force ho ds the wo 
exponents of the package 24 together while the sea, itse.f provides hermetic closure. T 
force as shown in Fig. 2b is a result of the structural elements of the present tnvent.on an 
such force funoions ,„ P u„ the structures of .he dome agatn, the correspond s rueture 
; of the cup. This aHowsthe use of low peel force sealants which in ,urn permi.s .he use of 
re ,a,ive,y ,„w peeling forces in separa.ing .he dome from .he cup. Also, .he force engagtng 
lh e eup with .he dome further prefects the structure from separation during handlm. 

The selection of the struc.ures for still metabolizing products (sueh as tresh 
vegetables, fresh cu, fruits and other products, is based on .he retirements for dirfus.on 
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i ia with the objective of maintaining a lower metabolic 
control of oxygen .nto package 24. with the objcc 

• r tv,. mrk^e the evolving carbon dioxide gas, ethylene gas, 
rate while eliminating from the package UK evo. b 

la.ic — , ^ —Me ana * gaseous 
S,„ce all vegeiables and fruits mcfaboh* a t diffcren, ra.es. ,be powers ior ,hc P kag 
Iced accord,, The gas exchange » ^ ' » ~ f ^ 

process o f e as diffuse .hrough * P*« - ^ — ' " * ^ * 
the design .f rib. 26 of package 24. according* ,he following equauon. 
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Diffusion = a/t 
where: a = area 

t = polymer thickness 
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B, increasing ,h= dep.h and nunrber o.,hc ribs 26. i. is possible .0 increase 
,he ,o.a> area of d,= walls 30 of package 24. as shown particularly in Figures 3b, 3c, and jd 
;; creasing , he rate at which ,be oxygen can diffuse info ,he package hav.ng a ^ 

.echniuue. .he desired supply of oxygen for a particular food ,e m can be „b,,ned. 

co „.ai„er 24 s. m plif,s ,he process of selecung .he retired diffusion charac.eris.ics based 
th e po,v m er ,ype and ,he gauge (fhickness, used for each specify food appl.catio, 

• As shown for exanrpie in F.gure 3, .he hand held fas, food confer ,4 
hereof ,s preferabiy nranufac.ured by a solvenUess lan.ina.ing and fhermofornring process 
L exan. >e see U.S. Paienf No. 5.632,133, in l.ne w,,h the packaging mach.ne dep.c. d 
! ^ led .herein. Packaging rnach.nes of rhis fype la m ina,e ,he rrgid po,y m er w fhe 
liable sealan, and .hereaf.er .hemroforn, .he cups in.o which .he green le. u , 
Lad additives and/or o.her food produCs are ,o be loaded. The mach,„e .hen app es .he 
;lde donrc or iid 22 .„ each ,,ed cup or c„„,i„er port.on 20. M,r .he hd.ng 

era„„, .he air ,s displaced fron, .he con.ainer and is replaced wi.h a m.x.ure oi g 
l.sting in al.er„,,ve en.bod.men, of,,, oxygen and ni.roge, ,b, oxygen. n,ogen * 



6 



10 



SeqUC " CCrclCaS :, embod.ment or F*» 3 «* * - - —» ' 

, emce por ,,on of pop.. types or leafy salads. Since various vegetables .*» 

A ddi,ional,y. providi„ g ribs 26 in the 30 leases the surface -c o, pacKag ■ 
One function of ,he ribs is .0 reinforce waUs 30 of the container 20 m a k ,„ B package 24 
1 r, g ,d, white simuhaneously i„creasi„ g *c surface area of package 24. an, perhaps^ 
wh „e I reduci„ g the average thtckness of walls 30. The increase in the s^ce area * 
, he container 20 and the conseouent reduction of the average wall thtckness adapts ttself 
1 di,Tu S ,o„ of , P iuto contaruer 24. Thus, the si Z ,„g of ribs 26 functus to c a 
the surface area of package 24. These surface area changes aiter the ,« ~ * 
oxyg e„ into container 20. Since the metabolic rates of various vegetab.es and tru.ts 

Ln, the deveioped technique of rib 26 design is se,ec,,ve,y used to ad^s, to ,h 
;l>, rate for each type of vegetable or fruit (or other food product) being packed 
lou, hav,n 8 to resort to a large number of diverse polymeric materia, A c cha„ g , 
,e rib component of the f„rmin g moid chan S es the rib configuration on the pac k a g ,n g 

maCh, " e ' As one example, container 20 is co„fi g ured ,„ match the metric rate of 4 
, oz of mixed lettuce saiad a, ..0% ,„ 2.5% partial pressure of oxygen a, a storage 
temperature of 35' to 42»F. The matched diffusion is provided (a, by us,n g the approbate 
ty pe of polymer, and (b) by providing the necessary package surface are, 

Pofymers used for thermoformtng cups suitable for such use may compose a 
lam i„a,e of clear or pigmented styrencbutadiene copolymer fused w,,h a coextruded. clear 
■5 polyolenn sealant mod.f.ed with po.ybutehnc and ethy, vinyl acetate „e layer 
peeiabiltty of seals. The fining of the styrene-butadtene copoiymcr sheet ,s achteved 
utilizing a system covered by U.S. Paten. No. 5.632.133. 
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mbodimenis is 450 micron thick. 

As shown also in the modified embodiment ot Hgurc 5. lor 

v. h , 1 000 micron thick laminated sheet for forming is: 1 6.5cc 

0 2 improves only by a tacxor oi 
1 0 the cup with a total surface of 74.6 in 2 is: 

~ • _ iaVpx 44x74.6 in 2 / lOOin 2 
Cup 0 2 diffusion - 16.icc x x / 

= 54.16cc/24 hours /AIM 

U8ccO,/ 24 hours/ 100 in 1 / ATM. During thermoformtng, the 

ortentation during forming. - — - o, g en ,s no, prop— * ~ 
reduction. The corresponding diffusion of oxygen improves only by a 
20 the diffusion of oxygen through the dome of a surface area of 32.6 ,n ,s. 

24 hours / ATM at 35° to 40'F storage. 

As shown in Figure 7. for two different gaseous mtxtures h ddlus, 

f . 4 w mixed iettuce saiad at storage temperature reaches eo,u,„bnum wtthou, 
oxyg e„ ,„r a 4 „, mtxed ^ ^ ^ _ 

tolal ,y dep.et.ng the oxygen ,r n h P ^ ^ 

a „ extended period „, „me o, 1 ,„ ^ ^ ^ rf 

commercially available rigid polymers for maktng sma 



25 



30 
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, • h is below the diffusion rate necessary to preserve the 
oxygen and other gases which is below ^ ^ 

r v, rh,racteristics of mctabolically active products such as b 
lreshness characteristics o. container 
rruits U„ti. the provision of the present invention, the industry has used a 

. , u- „k sealed to the riaid container. Since 

thin films and the cup provides sufficient oxyge 

ribs ach ,e, es *, — r - — ° f — ,hr ° U8h 

i a u dQ the dressing croutons and condiments, lnc 

. — Trr: r:::::i — - - — - - - 

u • ed in shelf life characteristics if not disposed therein to touch the walls 

7£X£ r> 

u o„lH not receive the necessary supply of oxygen, it 
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metabolizing fruits and vegetables. 

5 Figures S and ,. are tamper evident for the consumers' safety. Sea, 3, is shown ,„ vanous 
confiscations in these embodiments. 

One preferred embodiment of the packages of the present invenuon mcludes 
a cylindrrcal eup bottom of 2-1,2 inches in diameter. The feature permits the cup to be 
p ,ald in convenient cup opening or cup hoiders in the conso.es of cars, future. servmg 

10 travs and other locations. 

Pivc-inch deep drawn cups may be made from a lammated structure w,,h a 
p„ ly „,enn sealing component on the instde surface of the cup and on the upper surface o, 
1 fiange mating and hermettcally sealing with the corresponding flange w„h compattbie 

sealing layer on the dome. 

Thewa „ s „fsuch five-inch or more deep drawn cups may be formed from a 

.aminated structure comprised of styrene-butadiene copoiymer laminated and fused 

sealant, ail forming a low barrier structure with high gas dtffus.on. 

Figures 10a and 10b show another variation of control product metabohsm 
20 for the purpose of extendtng the useful shelf life of the product being packaged, Thrs 
embodiln, o.ers the freedom to use any thermoformable polymer with ,gh or low 
alff us,„n (transmtssion) rate of gases into the package and to provide a controlled supp.y 

oxvgen into the package. 

to these embodiments of the present invention, the metabohe gases d,(fuse 

, 5 through a labe. 38. which is adhered to cup portron 20 along its edges. These gases pass 
~ lreei : ihr0U gh the porous labe. 3 8 and into the space 40 between labe, 3 8 and w , ,0 
cup 20 The micro holes 42 of approxmtate.y 25 micron diameter in wal. 30 „. cup 20 
al ,ow oxygen to enter package 24. The number of the holes 42 regulates the amount „, 
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di „ x ,de m * other «. ^ — simi,ar 10 ,h0 d " Tusion syslcm 

through the walls of ihc polymeric cup unci dome. 

,he material .'or lane, 38 can be convention* paper w„h pores 44 o 
greotcr than approximately 0, micron diameter, made tf high * «W- 

5 propylene or expanded pc*M- - - « ^ ^ ^ 

diameter and which are used as standard label component, fh.s to p 

ii:^ — . ***** * - — * m - the tody ot ,h 

cud and subsequently penetrating the package. 
" Th e eontatne, as shown f or example in Fibres 1 0a and I Ob, has a vo.ume 

,„ of 750 ce The oxygen content if the package a, 20,% 0,. in the atmosphere is thus 
!Z ce. The various micro sized p,n holes transmit oxy 8 en tnto the package accords 

to the following table: 




15 
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• ■ i„,„ the oackage changes downwardly as partial pressure 
Hence, the rate of 0 2 transmission into the package cna b 

of0 2 diminishes,asshowninFigurell. 

Other preferred embodiments of the present invention are d.reeted to tow 
oxygen pacing in high barrier confers. In many applteations of food packaging, to 

he pr liferation and toxic germination .f** — >< » 
lain a Instant minima, level of oxygen in the package. Such applications tnclu. 

I^ing the absence of oxygen, these foods may provrde conditions for sporula „ 
Z r L „ microorgamsms. However, even a relatively ,„» oxy^ 
pressure tends to preven. such sporulat.on, and thus increase safety. But. a re,a„vel> high 
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par tia, pressure or oxygen in the package would - ™ ^ ' » ^ 
ccommendcd ,o — a constant partial »r -«» - ~ ' "°' £ 

I % » an. no, more than 2* O, Kurtheimore. the presence of a ^ - 
!Ts u ^ in - package wih promote the devciopmen, of spodage. * 
^Li— - deveiop - slime. an, - organoiept 

consumption of the food. According,,, the presence of the .races o, oxygen , too 
es is used tor the purpose of inhibit the development of — 
^ lie,! pile of the oxygen m «. package promoter dement 

the circumstances require safety measures, sue 

goods, meats, sandwiches, fru.ts, vegetab.es, and other foods. 

Thrs technology consists of (a) determining the rate of dep.et.on o» oxygen 
iB a package contam.ng the food and (b, providing the means ,„ repienish oxygen to ma e 
; I ,h toss, whh the ultimate objective of maintaining a constant .eve, „ part.ai 
plure of oxygen. The methodology employed is embodied in the present mvent.on. 
, Other embodiments of the single serv.ee container of the present mvent.on 

forextendedshelflifearedepictedinFigurel2hereof 

This embodiment is particu,ar,y usefu, for the purpose of automatmg the 
manufactunng of the package with two separate compartments 50,2. One compartment 
Ti for the mam food ingredient and the other compartment 52 is for the mam „ 
5 1L such as sait. pepper, dressing, sauce, etc. As it can be appreciated, a mem bran 
M separatmg the two compartments 50,2. The separation is for ,he purpose o no, 

. be intermixed before ea,,ng>. or ,, can be used ,o iso,ate mo,s, components such a, ,„r 
cxamp,. pickled cucumbers, cooked fru„. or others from contacting the - food. 
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The contamer may be dismayed — 5 ° " K 

lop ,hi,c the compartment for W M is on Won,. Ko, consuming. *c package 
™a around; the package is open. * «. mc - - ^ ^ 

I! as the sea, is tamper evident. An, of the foregomg sea.s herco, ma y be used ,n 
alternative embodiments. This feature offers added safety to the consumer. 

iB compartment 52 are removed. The removed components can then be added to the - 
I al , compartment 50, whereupon the compartment 52, aner discing membratte 

- — - - " by rr ,h i:: z • • 

elosure utilized may be similar to that depreted m Ttgure 

thus preventing the spilling out of any liquid components. f ,,„ fthe 
According*, and in fight of the disclosures hereof, vanous teatures of the 

containers and methods of the present invention may include: 

, , , Agitator rib. inverted inward to help lood rmxmg dnnng shakmg 

prior to consuming; 

p, Respiration (diffusion) adjustment as described previously; 

(„ Optional recessed portion of the container to accommodate a lork 

and napkin convenience; 

,4) Flat bottom for affixing a UPC label and other identification; 

(5) A variety of clear and opaque materiab for diffusion control or 

barrier for gases; 

(6) Tamper evident seal; 

, 7) Capabtlity to have one package with two isolated compartments; 

, 8) Capability to seal a different gas in each compartment; 

m Capabtlity to package a moisture absorber in compartment No. 2 and 

control the moisture absorption rate by a properly designed membrane; 
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,,», Capability .0 locate an ethylene gas absorber </.«. -getter") In 
compartment 52 and ,o control the rate of ethylene gas dillus.on with a membrane 
10 control the rate of ripening of the fruit; and 

,„, Capability to locate an oxygen absorber ,0, getter) such as lerrous 
oxide in compartments 50 or 52 and ,» control the rate of oxygen diffusion m.o 
package 24 To control the oxygen transmission into compartment No. 2 wt.h a 
membrane and ribs design of the rigid container to reach and matntain a destrable 
oxygen equilibrium for the product packaged in compartment 50. 

,„ some preferred embodiments hereof, the food container cup 50 may be 
laminated, thermoformed and tilled with product per technology d.sclosed by Redex U.S. 

PatentNo. 5,632.133. 

As for preferred polymeric materials for use in the present mven.ron. the 
cup 50 and the dome 52 may be made from laminates. High barner containers are made 
from ,hermoformab,e, lamtnated po,y viny, chloride, thermoformable 
teraphtalete, polystyrenes, and many other conventional materials laminated by fusing them 
with coextruded polymer and copolymer films of e.hy, vinyl alcohol, po.ye.hy ene fo, 
sealants and others. The containers of fresh frurts and vegetables may be made horn 
polymeric or copolymer, films wtth high diffusion rate of gases, of 400-600 cc O, / 24 
hours / 100 ut I mil / ATM such as styrene butediene copolymer. These sheets are 
preferably of adhesiveless tarnation with modified polygene film, which allows that 
the two halves of the package be sealed hermetically with each other. 

The membrane polymeric film consists of a coex.rusion of a. least two 
layers of modified polyethylene sealant. The mod.ficrs include ethy, vinyl acetate (EVA, 
ethv. methyl acryla.e (EMA) or other components in ratios of blending commensurate w„h 
,he degree of peclability of .he seals and diffusion characteristics requtred. 

Figure 12 hereof shows a ye, further alternative embodiment havtng a cup 
0 , with a hermetically sealed polymeric membrane 54 .„ cup 50 and a snap in lid (2, ,n the 
form of a dome 52. 



14 



The cup 50 is made from a variety of polymeric structures such as polyvinyl 
chloride po.vethv.ene teraphtalate. styrenes and other rigid sheets adhesiveless fused with 
a polyolefin sealant compatible in fusing and forming a hermetic sea. with the polymenc 
membrane (3). The walls 30 of the cup contain ribs 26 to prevent the leaves of lettuce and 
fruits from touching walls 30 and to restrict the circulation of the oxygen. 

The lid dome 52 is preferably made from a mono-layer polymeric sheet such 

as clear polyethylene teraphtalate or others. 

The space 56 under the dome is provided for storage of components for the 
food such as salt, pepper sachets, mayonnaise, catsup, and dressing in small bags. 

In order to open package 24 of Figure 12, the consumer separates the l.d 
dome 52 from cup 50 by pulling apart the tabs (not shown) on the rims (as shown in Figure 
2) and removing dome 52. Membrane 54 then is peeled away and the food is exposed for 
adding the condiments. Upon adding these components to the food in the cup, the dome 52 
is assembled again with cup 50, and the food can be thoroughly mixed by shaking it. The 

ribs (4) assist in mixing the contents. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims 
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